Relationships between the activities in vitro and in vivo of various kinds of ribozyme and their intracellular localization in mammalian cells.
Nineteen different functional RNAs were synthesized for an investigation of the actions of ribozymes, in vitro and in vivo, under the control of two different promoters, tRNA or U6, which localize transcripts either in the cytoplasm or in the nucleus. No relationships were found between the activities of these RNAs in cultured cells and the kinetic parameters of their respective chemical cleavage reactions in vitro, indicating that in no case was chemical cleavage the rate-limiting step in vivo. For example, a hepatitis delta virus (HDV) ribozyme, whose activity in vitro was almost 3 orders of magnitude lower than that of a hammerhead ribozyme, still exhibited similar activity in cells when an appropriate expression system was used. As expected, external guide sequences, the actions of which depend on nuclear RNase P, were more active in the nucleus. Analysis of data obtained with cultured cells clearly demonstrated that the cytoplasmic ribozymes were significantly more active than the nuclear ribozymes, suggesting that mature mRNAs in the cytoplasm might be more accessible to antisense molecules than are pre-mRNAs in the nucleus. Our findings should be useful for the future design of intracellularly active functional molecules.